I. Introduction g
Increased concern regarding the potential release of radioactive particulates to the atmosphere has resulted in new stringent air cleaning requirements for facilities handling plutonium. These include proposals to require decontamination factors of l o 9 to This can be attained by use of multiple High Efficiency Particulate Aerosol (HEPA) fi ters, which singly can provide decontamination facWhile extensive test data is available to substantiate this level of performance for individual HEPA filters, and filtration theory predicts multiple filter installations will provide the overall protection required, quantitative substantive data is not available. There is also concern that filter performance against labo r a t o r y test aerosols, such as DOP, is not fully representative of performance against plutonium aerosols. Because of this interest in realism, a field sampling program was designed to measure size characteristics and activity concentrations (source term) of plutonium aeros o l s generated by typical operations at several AEC facilities handling significant quantities of plutonium. Definition of these aeros o l s would provide a basis f o r generating similar aerosols in t~e laboratory to study the effectiveness of multiple stages o f HEPA f i ltration.
Initially three plants, represent'ng diffeq nt production and research operations, utilizing both 2 3 ' P u and 235Pu, were selected to provide air sampling data to characterize plutonium source terms under a variety of operating conditions. Wide variations of activity concentration and size characteristics were expected due to: (1) differences in the amount cf material handled, and mechanical and chemical operations at each slte; and (2) aerosols incident on the main t o r s of 103 to 10 i . 12th AEC AIR CLEANING CONFERENCE e x h a u s t f i l t e r s may undergo p r e v i o u s s t a g e s o f f i l t r a t i o n a t t h e glovebox. T h e r e f o r e , sampling data would be r e p r e s e n t e d as r a n g e s of v a l u e s to d e s c r i b e a e r o s o l c o n c e n t r a t i o n and s i z e c h a r a c t e r i s t i c s . Due t o t h e n a t u r e o f some o p e r a t i o n s performed i n t h e s e p l a n t s , sampling l o c a t i o n s and o p e r a t i o n a l p r o c e s s e s a r e i d e n t i f i e d o n l y i n t h e s e g e n e r a l terms : Data p r e s e n t e d i s p r e l i m i n a r y , and was summarized o n l y f o r p r e s e n t a t i o n a t t h e Round T a b l e D i s c u s s i o n a t t h i s A i r C l e a n i n g Conference.
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. Sampling P r o c e d u r e s The 8-stage Andersen impactor'') was s e l e c t e d t o be t h e p r i m a r y sampler for particle size analysis. This d e v i c e is simple, easy t o o p e r a t e i n t h e f i e l d , p r o v i d e s s i z e s e p a r a t i o n o v e r a f a i r l y wide r a n g e of p a r t i c l e d i a m e t e r s on t h e b a s i s o f t h e i n e r t i a p r o p e r t i e s The i m p a c t o r backup membrane f i l t e r and t h e e i g h t i m p a c t i o n p l a t e s a r e a l p h a counted for a n a l y s i s . N e t count r a t e i s p r o p o r t i o n a l to t h e mass o f p a r t i c l e s d e p o s i t e d on each p l a t e i f two assumptions are made:
(1) a b s o r p t i o n of a l p h a p a r t i c l e s i n t h e p a r t i c l e ( s e l f -a b s o r p t i o n ) i s n e g l i g i b l e , and 2 ) s p e c i f i c a c t i v i t y (dpm/gm) i s con a l p h a p a r t i c l e has a r a n g e o f a t l e a s t 1 0 ym i n Pu02 compared to a p h y s i c a l diameter o f 3 to 4 vm c o l l e c t e
d on t h e f i r s t s t a g e o f t h e i m p a c t o r . T h e r e f o r e , a n a l p h a p a r t i c l e e m i t t e d anywhere w i t h i n a 4 ym Pu02 p a r t i c l e s h o u l d emerge from t h e p a r t i c l e w i t h s u f f i c i e n t energy to be counted. Spectroscopy samples s u p p o r t t h i s h y p o t h e s i s f o r t h e p a r t i c l e s i z e r a n g e of i n t e r e s t i n t h i s s t d y . However, one of t h e t h r e e f a c i l i t i e s d i s c h a r g e s a m i x t u r e o f 231Pu and 239Pu i n h i g h l y v a r i a b l e r a t i o s . T h e r e f o r e , d a t a o b t a i n e d to d a t e have o n l y been d e f i n e d i n t e r m s o f aerodynamic a c t i v i t y median diameter (aamd)
and g e o m e t r i c s t a n d a r d d e v i a t i o n ( G ) r a t h e r t h a n mass median d i am e t e r . The aamd p r o b a b l y r e l a t e s m g s t c l o s e l y to t h e performance of an a i r c l e a n e r a g a i n s t t h e s e a e r o s o l s .
of t h e a e r o s o l , and i t s c a l i b r a t i o n i s w e l l documented. t 2 , 3 )
. A 5 MeV
mnt P r e v i o u s e v a l u a t i o n o f t h e Andersen i m c t o r has i n d i c a t e d a p o t e n t i a l e r r o r due to p a r t i c l e rebound.(5,gy I f t h e p a r t i c l e d o e s n o t a d h e r e t o t h e f i r s t p l a t e i t c o n t a c t s , b u t d e p o s i t s on t h e n e x t
s t a g e , or rebounds from a l l s u c c e e d i n g s t a g e s to b e c o l l e c t e d b y t h e backup f i l t e r , t h e i n d i c a t e d a e r o s o l s i z e c h a r a c t e r i s t i c s a r e i n error. Use o f a " s t i c k y " impaction s u r f a c e would i n t e r f e r e w i t h a l p h a c o u n t i n g p r o c e d u r e s and was not a c c e p t a b l e . An a l t e r n a t e t e c hn i q u e i s t h e a p p l i c a -' n of membrane f i l t e r media to t h e s u r f a c e o f t h e i m p a c t o r p l a t e s . 1' ' I n t e s t s now under way, a d j a c e n t i m p a c t o r sampling s t r e a m s have been i n s t a l l e d a t one sampling s i t e , and samples o b t a i n e d c o v e r i n g t h e p l a t e s o f one impactor w i t h v i n y l m e t r i c e l 12th AEC AIR CLEANING CONFERENCE
membrane f i l t e r s (MF) l e a v i n g t h e p l a t e s o f t h e o t h e r i m p a c t o r b a r e . By a l t e r n a t i n g t h e MF c o a t i n g on each i m p a c t o r each d a y , d a t a i n d i c a -
t i n g rebound (or no rebound) can b e developed d e s p i t e p o s s i b l e s l i g h t d i f f e r e n c e s between t h e two sampling streams. Alpha s p e c t r o s c o p y has p r o v i d e d i n f o r m a t i o n on t h e p o t e n t i a l e r r o r a s s o c i a t e d w i t h a b s o r p t i o n o f t h e a l p h a p a r t i c l e s b y t h e f i l t e r media a p p l i e d t o impactor p l a t e s as a n a n t i -r e b o u n d a g e n t . P r e l i m i n a r y a n a l y s i s of t h e v i n y l m e t r i c e l media showed v e r y l i t t l e a b s o r p t i o n and i n d i c a t e i t s s u i t a b i l i t y as a n i m p a c t o r a n t i -r e b o u n d a g e n t .
Sampling l o c a t i o n s a t each p l a n t were s e l e c t e d to monitor t h e more contaminated a i r s t r e a m s i n each p l a n t , and sampling systems were
i e s g r e a t l y f o r e a c h sampling l o c a t i o n . Sampling p e r i o d s are s e l e c t e d a t t i m e s when normal a c t i v i t i e s i n t h e b u i l d i n g a r e underway; % . e . , n o t a t l u n c h t i m e or
b r e a k t i m e or n e a r q u i t t i n g t i m e .
A g a s flow p r o p o r t i o n a l c o u n t e r i s used t o count a l p h a a c t i v i t y on e a c h s a m p l e . T h i s c o u n t e r i s a p p r o x i m a t e l y 33% e f f i c i e n t f o r b a r e samples and 2 2 % e f f i c i e n t f o r s t a n d a r d s o u r c e s covered w i t h a . O O O 2 5 "
m y l a r f i l m .
The m y l a r f i l m i s used t o cover each impactor p l a t e and f i l t e r t o minimize c o n t a m i n a t i o n problems. N e t count r a t e i s d e t e rmined f o r e a c h sample and u t i l i z e d as p r e v i o u s l y d i s c u s s e d i n d e t e rmining c u m u l a t i v e p e r c e n t smaller t h a n a s t a t e d aerodynamic p a r t i c l e e t e r s ( E C D ) 7 a r e s u b m i t t e d f o r computer a n a l s as a d a t a s e t of 8 y8f and p l o t t e d on a l o g v a l u e s t o be f i t b minimum c h i -s q u a r e s method p r o b a b i l i t y g r i d . ($1 median d i a m e t e r (aamd) and g e o m e t r i c s t a n d a r d d e v i a t i o n ( a ) f o r t h e a e r o s o l , and t h e d e v i a t i o n of each d a t a p o i n t from t h e besg f i t l i n e .
The l a t t e r v a l u e can be u t i l i z e d i n a t e s t to confirm or r e j e c t t h e assumption o f log normality of t h e distribution. A range of aamd and
( a ) d e s c r i b e s v a r i a t i o n s i n t h e s i z e c h a r a c t e r i s t i c s o f t y p i c a l Pu aeFoso1s. o n t r a t e s and t h e c o r r e s p o n d i n g e f f e c t i v e c u t o f f diamsize* Net F ' I'
T h i s a n a l y s i s d e f i n e s aerodynamic a c t i v i t y To p r o v i d e a frame of r e f e r e n c e , T a b l e 1 summarizes t h e operational c h a r a c t e r i s t i c s a s s o c i z t e d w i t h each sampling site. Table 2 i
n d i c a t e s t h e v a r i a t i o n s i n t o t a l a c t i v i t y a t e a c h sampling s i t e . C o n c e n t r a t i o n d a t a was o b t a i n e d u s i n g b o t h Andersen i m p a c t o r s and a d j a c e n t membrane f i l t e r s . Major v a r i a t i o n s between week-day and
week-end samples a r e a p p a r e n t f o r s i t e A . Even g r e a t e r v a r i a t i o n s between s i t e A and s i t e s B and C a r e , a l s o i n d i c a t e d . Table 3 , which a l s o i n d i c a t e s t h e s i g n i fi c a n c e o f t h e rebound problem. A r i t h m e t i c mean v a l u e s o f aerodynamic a c t i v i t y median d i a m e t e r (aamd) and g e o m e t r i c s t a n d a r d d e v i a t i o n ( 0 ) are l i s t e d a l o n g w i t h t h e i r e x t r e m e s . V a r i a t i o n s a r e a p p a r e n t , whigh i s n o t t o o s u r p r i s i n g c o n s i d e r i n g t h e l a r g e number of d i f f e r e n t
Aerosol S i z e C h a r a c t e r i s t i c s S i z e c h a r a c t e r i s t i c s o f t h e Pu a e r o s o l s d e f i n e d by t h e Andersen i m p a c t o r s a r e summarized i n
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a e r o s o l -p r o d u c i n g o p e r a t i o n s conducted i n t h e s e p l a n t s .
Somewhat s u r p r i s i n g was t h e s i z e d i s t r i b u t i o n o f t h e Pu a e r o s o l a t L o c a t i o n B . S i z e c h a r a c t e r i s t i c s of t h e a e r o s o l measured h e r e a r e d i s t i n c t i v e due to t h e h i g h p e
r c e n t a g e of v e r y small p a r t i c l e s i n t h e d i s t r i b u t i o n . I n t h e 14 impactor measurements made t o d a t e , t h e cumu l a t i v e perce'nt smaller t h a n 0.43 u m ( f i n a l impactor s t a g e E C D ) has a v e r a g e d 6 0 % ; t h a t i s , 60% o f t o t a l a c t i v i t y measured i n t h e impactor sampler p a s s e d t h r o u g h t h e impactor and was c o l l e c t e d on t h e backup membrane f i l t e r . A d i s t r i b u t i o n of t h i s t y p e i s n o t r e a d i l y c h a r a ct e r i z e d by t h e Andersen i m p a c t o r , and t h e s e r e s u l t s have n o t been c o n s i d e r e d i n t h i s p r e s e n t a t i o n . Table 3 r e v e a l s no s i g n i f i c a n t p a r t i c l e rebound. Had t h e uncoated p l a t e s d i s p l a y e d a c o n s i s t e n t l y lower aamd and h i g h e r d t h a n c o a t e d p l a t e s , o r larger amounts o f a c t i v i t y on t h e backup F i l t e r , a rebound problem would be s u g g e s t e d . P r e l i m i n a r y r e s u l t s of rebound t e s t s conducted w i t h t w i n i m p a c t o r s has a l s o i n d i c a t e d no rebound problem.
S p e c t r o copy of s v e r a 1 samples h a s shown t h e p r e s e n c e a t Locat i o R A o f 238Pu and 235Pu i n s i m i l a r quant i t * es which c o m p l i c a t e s measurement of s i z e c h a r a c t e r i s t i c s . c o n t r i b u t i n g to t h e t o t a l a l p h a a c t i v i t y on e a c h i m p a c t o r p l a t e proba b l y o r i g i n a t e a t d i f f e r e n t u n r e l a t e d o p e r a t i o n s r e s u l t i n g i n two d i s t i n c t s i z e d i s t r i b u t i o n s a s i n d i c a t e d i n F i g . 7 . Samples t o i n v e s t i g a t e t h e makeup o f composite d i s t r i b u t i o n s u s i n g a l p h a spect r o s c o p y have been o b t a i n e d , and a r e undergoing a n a l y s i s .
Impactor samples w i l l p r o v i d e 23QPu t o 239Pu r a t i o s for e a c h s t a g e , r e l a t i n g i s o t o p e c o n c e n t r a t i o n to aerodynamic s i z e .
The 23hPu and 239Pu p a r t i c l e s V I .
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